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Foreword

The Explosive Excavation Research Office is embarked on a pro-
gram of research in topical areas critical to the ove:-ail technology
titled "explosive excavation,"! Some of these topical areas relate to the
prediction of safety-related effects. This work was funded by the Offive
of the Chief of Engineers (OCE), appropriation 96X3121, General Inves-
tigations, Effort is being expended in these areas to review all perti-
nen. rneasured data and all current prediction methods in use, and to
mak an attemjit to advance the state-of-the-art, This report and a
companion report, EERO TR-40, "Prediction of Ground-Shock-Induced
Airblast Overpressures for Subsurface Explosions From Peak Vertical
Spall Velocity," provide the basis for, and present improved methods of,
making airblast overpressure predictions for surface and underground
chemical and nuclear detonations, Critical review and comment are in-
vited, An additional report, EERO TR-7, in preparation, will develop
a simplified prediction system which integrates and is based on the sys-
tems presented in this report, EERO TR-36, and its companion report,
EERO TR-40.
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Abstract

Airblast from buried chemical and nuclear detonations has been
under systematic investigation for two decades., There now exists a
sizable body of information c:-llecied during field experiments conducted
over the years. The report contains a summary compilation of the
available data for all significant large-yield events and synthesizes these
data into an empirical prediction methcd,

Since the airblast from buried detonations approaches a consistent
attenuation at the longer ranges of interest for safety predictions, a
purely empirical "transmission factor' analysis based on consistent
longer range data from subsurface detonations is used. Transmission
factors are established as functions of scaled depth of burst for a vari-
ety of media and types of explosives, These are used to predict both
ground-shock and gas-vent airblast from single- and row-charge detona-
tions. A new approach to rredicting the close range overpressures is
also discussed. A summary of airblast from surface bursts is included.

The empirical prediction method presented is well-founded for
those types of events which have been extensively investigated, Its
chief weakness lies in the prediction of dissimilar cvents (different
yields, explosive types, or media) for which there are insufficient data,
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EERO TECHENICAL REPORT NO. 39

A REVISED £MPIRICAL APPROACH
TO AIRBLAST PREDICTION

Section 1

Introduction

PURPOSE

Airblast overpressures from the use
of buried explosives for excavation pur-
poses can cause siructural damage at
close-in ranges and window pane damage
for a considerable distance from a deto-
To evaluate the safety aspects of
a proposed detonation, predictions of air-

nation,

blast overpressures as a function of
range from the detonation area must be
made, It is the purpose of this report to
develop and to demonstrate an empirical
technique for predicting airblast over-
pressures based on all currently avail-
able experimental data for large-yield
events,

PRINCIPAL AIRBLAST CONSTITUENTS

Studies have shown that airblast from
buried charges has two principal constit-
uents: the ground-shock-induced over-
pressure ~ulse, and the gas-vent-induced
pulse., The larger of these two pulses
will determine the peak (maximum) air-
blast overpressure, which is the damage
mechanism of interest, The gas~vant
pulse is always dominant at shallow depths
of burial, but the groun:i-shock pulse is
often larger for deeply buried events,

-1-

particularly those in strong rock or sat-
vrated media. The two pulses arise from
quite different physical mechanisms,
Ground-shock overpressure results from
what is called the ground-piston effect;
the rising surface of the earth mound
above the explosion point directly pulses
the overlying air., This pulse travels
outward in all directions, transmitted
with the sonic velocity in air, The ampli-
tude of the ground-shock-induced pulse is
determined by the peak vertical spall
velocity of the rising mound, The gas-
vent pulse is produced much later in the
explosion history., As the mound grows
and finally begins to break up, the gas
bubble in the explosion cavity vents to the
surrounding atmoesphere. Venting usu-
ally vccurs at many points near the crown
of the mound. The excess pressure of the
gas bubble is quickly relieved, producing
a strong venting pulse, If the explosion

is completely contained, or if the gas
Lubble has dropped to ambient pressure
before venting occurs, no gas-vent pulse
will be observed., The gas-vent pulse will
dominate for near-surface detonations,
but it is quickly suppressed with increas-
ing depth of burial, The gas-vent pulse

is comparatively weak for nuclear detona-

tions in strong dry rock, and when the
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depih of burst is selected to maximize
crater dimenaions {optimmum depth) the

sible to calculate transmission velocities
and thus distinguish air transmission

ground-shock pulse will usuaily be larger. from ground transmission, It was found

The physical meckanisms inveolved for
nuclear detonations in media with mois-
ture content appreciably exceeding 1% by
weight are somewhat more complex,
These detonations vaporize much water
and produce higher pressures during the
cavity history, As a result, gas-vent
overpressure is usually dominant for
such nuclear detonationg, at least from
the surface to optimum depth of burst,

SECONDARY AIRBLAST CONSTITUENTS

In addition to the primary blast wave
constituents, there may be additional
pulses of lower amplitude, The earliest
arriving ic the ground-transmi.ted
ground~shock=-induced pulse (as opposed
to the air-transmitted pulse, above),
This pulse is due to the direct coupling
between the vertical ground motion at a
point and the overlying air, It is trans-
mitted with sonic velocity in the medium,
and drops off rapidly away from surface
ground zero (SGZ), The high rate of
attenuation is due to the rapid decrease
of vertical ground velocity away from
SGZ, It has been shown that the vertical
component of ground surface velocity
decreases as _5:2 or faster, where S is
the true slant range from the shot point
to the point on the ground surface., Obvi-
ously, the ground-transmitted pulse will
be observable only by the closest airblast
measurement gages. It cannot be clearly
identified beyond about two crater radii,
For example, with gage records from the
Cabriolet nuclear experimentl which gave
accurate pulse arrival times, it was pos-

that ground-transmitted pulse arrivals
disappeared by a range of 375 ft from
SGZ. This distance corresponded to 2.1
crater radii, or 2.2 times the depth of
burst,

As the ground-transmitted pulse fades,
another early-arriving pressure increase
begins to appear. This is the surface
Rayleigh-wave-induced pulse, The Ray-
leigh wave is propagated along the sur-
face with a mean velocity slower than the
sonic velocity in the medium, but faster
than that in air, Its associated vertical
component of ground motion also gives
rise to an overpressure pulse. The pres-
sure peaks in the Rayleigh wave train
often attenuate more slowly than S 2.

After the domina t ground-shock and
gas-vent pulses, there are characteristic
negative excursions of ovarpressure (i,e.,
the overpressure, AP, temporarily

Ground=-shock=~induced pulse

Rayleigh-wave~induced pulse

Gas=vent-induced pulse

Pressure

Positive restoration pulse

\Ambient PO

Firsf\-}-Second
negative negative

phase phase

Time

Fig, 1. Tracing showing a typical
intermediate-range airblast
overpressure pulse for a
kiloton-size nuclear device at
optimum depth of burst in strong
dry rock,
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decreases below ambient pressure). These
negative excursions are usually smaller
in amplitude than the preceding positive
pulse and longer in duration, They tend
to have smooth contours without sharp
peaks, The negative excursion after the
ground~shock pulse may be prematurely
terminated by the gas-vent pulse arrival,
An additional positive pulse is com~
monly observed after the last negative
phase, This pulse is attributed to air
rushing back to restore the atmosphere

to ambient conditions and temporarily
overshooting the ambient pressure,

All the above pulses are of smaller
amplitude than the dominant gas-vent and
ground-shock components. They are pri-
marily of academic interest and not im-
portant to airblast safety congiderations,
but they will often be observed on airblast
overpressure tracings, Figure 1 sum-
marizes the appearance of an overpres-
sure tracing for a typical nuclear
cratering event in strong dry rock,

Section 2
Rationale of the Method

PRESENT PREDICTION METHODS

One way to study and to predict the
airblast from a buried detonation is to
compare it with overpressures produced
by surface or free-air detonations, Pop-
ular analogs for comparison have in-
cluded the IBM Problem M free-airburst
calculation, the Kirkwood-Brinkley TNT
surface burst curves, and the measured
overpressure from actual svrface burst
experiments, The "transmission factor"
or "suppression factor" can be easily
calculated by comparing airblast from a
buried detonation to the surface burst
airblast at the same scaled range. The
empirical transmission factor thus deter-
mined is a functior ui explosive type,
medium, and wcaled depth of burst, It
may be conveniently used to predict air~
blast from future detonations under gim-
ilar conditions.

The empirical approach described
above is predicated on the assumption
that a subsurface burst procduces exactly
the same effects as a surface burst of

-3~

somewhat smaller yield, As Montan2

has pointed out, this is a dangerous
assumption. The physical mechanisms
which transfer energy at the detonation

10° s
104 | Surface burst i
s
! -
g N
2 142
$ 10% =
u ]
]
2 i Turnover region
x 107 (close range) —
d?‘, s
100}
m"‘ - I ! ] ]
102 10° 10
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Fiz. 2. Comparison of airblast over-
pressure as a function of range
for 1,0-kt surface and subsur-
face detonations,
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front into an airblast overpressure pulse
differ greatly between surface and buried
detonations, Facilely drawing a-direct
analogy between the two is difficult to
The overpressures produced by

surface and subsurface bursts are indeed

justify,

quite dissimilar at close ranges, as will
be seen in Section 6, However, as one
moves farther away, the detonation
begins to look more like a simple acous~
tic point source of overpressure, Pres-
sure contours assume a hemispherical
"dome" shape and begin to follow near-
acoustic propagation, Thus, there is
some basis for comparing airblast at
these long ranges, even though the
sources are different, Figure 2 shows a
comparative plot of overpressure as a
function of range for a typical surface

burst and a buried detonation,

REVISED EMPIRICAL PREDICTION
METHOD

The revised method is a modification
of present prediction techniques, The
principal changes are: (1) a range-
de’pendent transmission factor, f(Rs),
which is used for prediction of close-in
airblast overpressures; (2} a maximum
transmission factor, fmax' which is used
to predict airblast uverpressures beyond
the range at which overpressure begins
to propagate at a constant attenuation
rate; and (3) both transmission factors
are determined as ratios with respect to
a standard R;11°221ine, having an attenua-
tion rate of R; *“ and passing through a
point at R = 9000 tt/kt'/® where the
overpressure, APS, is 25,5 mbar (all
overpressures scaled to an ambient air
pressure of 1000 mbar),
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Both the range-dependent transmis-
sion factor, f(RS), and the maximum

transmission {..%r, f , are derived

max
from past experiments conducted with
large-yield chemical and nuclear explo-
sives. The range-dependent "M is simi-
lar to the transmission factors currently
in 111828, but it is taken relative to the

R s standard line:

APS (overpressure, buried event)

f(Ry) =

AP, (standard 1'(;1‘2 line over~
pressure)

where all quantities are scaled to 1.0 kt
at standard 1000~-mbar pressure, and
where both of the APs values are at the
same scaled range R, The "maximum"
transmission faitor is determined at
some range where the APs_ Irsz R s plot has
s *“. Beyond
this range, the observed overpressures
should parallel the R;l’z standard line,

and the transmission factor should re~

converged on a slope of R

main constant,

The maximum transmission factor,
fnay 1S then the largest value of f(R,)
which can be reasonably justificd on the
basis of all cb‘servations fo1 a given ex-
periment, It may be the largest f-value
indicated by a fitted line through all the
observed points, or it may be the largest
f-value for any of the individual observed
points (some of the experiments had so
few measurements that a fitted line was
not justified),

The use of the standard R;l‘z line for
overpressure prediction has one impor-
tant advantage over the use of the IBM
Problem M curve or a surface burst
curve, When the standard R;l‘z line is
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multiplied by the fmax for a specific sit-
uation and all quantities are properly
scaled, a new R~ 12 line will be obtained,
This new line will give the correct over-
pressure at the range for which fmax was
delermined, It -sill overpredict at all
closer ranges (where the true f(R) is
smaller), and will continue to predict
correctly beyond the point at which fmax
is determined if the propagated over-

pressure decays as R-1'2.

BASIS FOR REVISED PREDICTION
METHOD

Note that the use of "f" as a means of
making predictions is not founded on
assumed physical similarity between sur~
face bursts and buried detonations, It is
an empirical factor established from ex-
perimental measurements which will
produce the desired results, The use of
fmax is justified as long as two assump-
tions hold true: (1) the AP (buried deto-
nation) curve becomes parallel to its
comparison curve beyond some determin-
able scaled range; (2) the f-function is a
unique-valued function of scaled depth of
burst (dob) or some similar scaling
dimension for all comparable experi-
mente (same medium, explosive, and
ambient propagation conditions),

The latter of the above two assump-
tions contains all physical complexities
which an empirical approach does not
fully analyze, The fraction of energy
which finds its way into the distant shock
wave hemisphere depends on the detailed
manner in which energy transfer occurs,
Even for a given set of physical condi-
tions (given type of explosive charge and
medium), the transfer process may be a
complicated function of event geometry;

~5-
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i.e,, a function of one or more dimen-
sions of the system, Assumption (2) is
equivalent to stating that the f-function,
no matter how complex the physical proc-
esses which control it, must be directly
related to some simple physical dimen-
sion of the system, This dimension must
scale in a consisient way with yield. Any
other geometrical parameters of the sys-
tem which affect the transfer of energy
must scale in the same way, The weak-
ness of this basis is r~obably responsible
for the few breakdow: 3 of empirical pre-
diction, In particular, gas-vent over-
pressures for large nuclear experiments
may prove difficult to predict through the
empirical approach, These overpres-
sures may depend on physical parameters
for which simple scaling does not apply:
gravity and overburden effects which do
not scale divectly with yield, the time
scale of gas bubble events, the cavity
size history, and probably the cavity
pressure history (time~dependent equa-
tion of state of the gas bubble), The lat-
ter parameter is also affected by medium
moisture content and the resultant pres-
sure boosting due to steam production,
Empirical prediction of large nuclear
events is rendered even more unsatisfac-
tory by the paucity of data. A brief
examination of such events is given in
Appendix A,

Aside from this siagle shortcoming,
the empirical method shows promise for
predicting airblast overpressures from
single-charge detonations. Row charges
are discussed in Sections 7 and 8 and
Appendix B, Successful applicaiion
hinges on the answers to two questions:
(1) At what scaled ranges do the AP
curves for buried detonations become
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gubstantially parallel to the standard
R;l'z line? and (2) Are there sufficient
data to determine the transmission fac-
tors for all cases of interest? These
guestions. are discussed in the following

paragraphs of this section, ‘The experi-
mental data fo support the discussion are
presented in subsequent sections of the
report,

Most large-yield experiments have
overpressure tracings which extend to a
maximum range of 2000 to 20,000 scaled
feet (ft/ktll 3), Most of the well-observed
nuclear experiments have data to at least
5000 scaled feet, These observations
form a reasonably homogeneous body of
data on which to base conclusions about
the attenuation rate of overpressure. A
log~log plot of AP vs scaled range shows
that most of the overpressure curves
have become straight lines by a range of
3000 ft/ktll 3, The attenuation rates have
converged on a value which should be
valid at intermediate-to~long ranges.

For the best observed recent nuclear
experiments, a remarkably consistent
attenuation rate of R 2 ig found, For
ground~shock~induced overpressures,

this rate seems to hold true beyond a
range of 300 scaled feet (300 ft/kt]'/s).
The situation with gas-vent overpressures
is somewhat less clear, and the R™1+2
attenuation rate does not hold until the
range excecds 400 to 1000 ft/ktlls.
Close~in overpressures are compara-
tively small and would cause a fitted
straight line {o be too shallow (i,e., they
would weight the line toward a slower
attenuation rate), It is important to note
that the intermediate range nuclear over-
pressure data are the best in existence—
the accuracy is high, gage calibration is

. - X T T T T e T

well-established at all ranges, and the
data points for each experiment show
very little scatter. In addition, the
ground-shock pulse is the initial strong
pulse and is dominant in most of these
cases, For these reasons, the authors
consider nuclear ground-shock~induced
peak overpressures to be the best-
established type of measurement, and
thus the most accurate indicator of
intermediate-range attenuation, Since
these data indicate an attenuation rate of
R-l’z, the 'R;l'z
selected for the empirical prediction
method.

The chemical explosives data reveal a

standard line was

less encouraging picture in regard to at-
tenuation rate, Several experimentr-:»3 -5
are consistent with an attenuation rate of
-1,0
R .
rate appears to be increasing slowly,
even at scaled ranges =2000 to 3000
scaled feet (ft/ktl/s). A rate of R 1% ig

probably satisfactory at the outer limit of

In some cases, the attenuation

the measurad points, The manner in
which measured points converge on a
slope of R 12 i5 best seen in Fig. 3.

This figure shows measured points for
gas-vent and ground-shock overpressures,
compared to prediction lines (R“lf2 atten~
uation), The points seem to be converg-
ing fairly well on the prediction lines, as
(Note that the figure is plotted
in terms of true range R, not scaled

indicated,

range.)

Thus, an overpressure attenuation
rate of R 22 is compatible with the best
available data,
sonable, as will be scen in subsequent
sections, for obsarved nuclear ground-
shock overpressures (beyond 300 ft/ktll 3),

nuclear gas-vent overpressures (beyond

This rate appears rea-~
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Fig. 3. Observed airblast overpressures
compared to R~1.2 lines, Buck-
board 11 and 12~-both 20~-ton
TNT detonations in basalt
(Ref. 4),

490 to 1000 £t/kt/3), and chemica! explo-
sive overpressures (beyond relatively
larger scaled ranges, sometimes as
great as 2000 ft/kt1/3).

By coincidence, the IEM Problem M
line also has a slope close to R -1, 2
9000 scaled feet (it does not approach an
R™1+2 slope at closer ranges because of
the relatively high nonacoustic close~in
overpressures for a free-air burst), The
IBM Problem M curve and the standard
line used for this prediction system are
identical at a scaled range of 9000 ft/ktl/ 3,
both in slope (R"1*2) and in overpressure
(AP = 25,5 mbar for an ambient air pres-
sure of 1000 mbar),

Table 1 presents a tabulation of over-

pressures at various ranges for the

Approximate values of standard
line overpressure APg as a
function of scaled range Rg,
assiugnng line of slope
through APf 25,5 mbar
at Rg = 9000 ft/kt /3.

Table 1,

R (5t/kt" /) AP (mbar)
10 89,500
30 24,000
80 7,400
100 5,650
300 1,510
400 1,070
500 816
600 §58
700 546
1,000 357
1,500 219
2,000 155
3,000 95.4
5,000 51.6
6,000 41.5
8,000 29.4
10,000 22,5
15,000 13.8
20,000 9.8
9,000 25,5

standard line, Comparable values for the
IBM Problem M curve are discussed in
Section 9 (surface and free-air bursts)
and are lisled in Appendix C.* For a
scaled range not given in Table 1, the
overpressure value on the standard R -1.2

line may be calculated by:
R, 1.2
APS (mbar) = APS )

i 8.
i

*Table C31,




where APSi and Rsi are stardard over-
pressure and range values at a point of
inter .st and APS and Rs are standard
overpressure and range values from the
table,

Field measurements are expected to
deviate from R'l‘2 atienuation, Thus,
before examiring the experimental data
and applying the prediction method, some
of the factors which cause attenuation to
differ from R-l'z will be discussed. Sev-
eral nonrepeatable effects may influence
experimental airblast measurementssz
(1) Winds may blow towards or away
from the gage location (winds blowing
from the gage toward SGZ reduce the
overpressure), (2) Vertical meteorology,
such as strong temperature gradients or
inversions, may influence even close-in
observations (overpressures are usually
reduced if the temperature decreases
with altitude; inversions or increasing
temperature may increase the overpres-
sure), (3) Gage response may be over-
ranged or gages may be poorly calibrated
at close-in distances, (4) Rounded wave
crests may tend to shock up to a rela-
tively higher peak overpressure at long
ranges, Other factors, mentioned in the
remainder of this paragraph, are com-
mon to all experiments, and are system-
atically discussed later in this paper.

(5) The gas-vent pulse, which usually
originates near the crest of the mound, is
subject to mound shielding and diffraction
down the sides ol the mound., In other
wouds, the close~in gages are relatively
farther from the pulse source (mound
crest), and the geometry of the situation
tends to direct the pulse upward, away
from the cloge-in gages, Thus, these
gages "see' lower gas-vent overpres-

sures than they otherwise would, (6) The
ground-shock overpressures fall below
the expected R-l'2 line inside the radius
of appreciable mound motion, This is
because the more distant gages measure
an overpressure pulse due to the com-
bined effect of the entire rising mound,
whereas the close gages resolve only the
overpressure due to a small segment of
the rising mound (the local or ground-
transmitted pulse). The pulses from
other parts of the mound arrive too late
to combine with this initial pulse. This
decline below expected AP's occurs only
at very close ranges (inside the range of
the ground-piston effect or range of ap-
preciable surface motion). Normally,
this region should not extend beyond ~2
crater radii, There is, of course, a
transition region between the ground-
transmitted local pulge and the normal
air-transmitted ground-shock-induced
pulse, (7) One additional effect is ob-
served only for row charges, At close
ranges, the shock fronts from individual
charges tend to arrive at different times;
thus, the individual overpressure peaks
do not combine (acoustic addition) as
might be expected. Peak overpressure
is considerably lower than would be pre-
dicted on the basis of adding the over-
pressures {rom each individual charge in
the row., At longer ranges, however, the
time separation between peaks is less,
and the peaks begin to merge, Finally,
the arrivals will be almost simultaneous,
and the row will begin to 1ook like a point
source, This effect causes a low appar-

ent attenuation rate closetotherow (because

the peaks continue to merge as range in-
creases, graduaily increasing the amount
of energy in the peak overpressure frent).
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The peaks will ultimately attain a stable,
semizombined waveform, and the attenua-
tion rate will converge on the expected
attenuation for a normal single-charge
source, The overpressure peaks from
small-charge row experiments combine
efficiently at close ranges. However, the
¢ombination process may be slower and
less efficient in the case of row experi-
ments with large or widely separated
charges. Indeed, the overpressure peaks
achieve a stable form and airblast con-

-1.2

verges on normal R behavior only at

the outer limit of available gage measure-
ments. Therefore, to compare the ovir-
pressure from large-charge rows with
standard single-charge overpressures,
the most distant gage measurements must

be used. Close~in overpressures might

. give a correct comparison at close ranges,

but would underpredict further out (due to
the lower atienuation rate for row charges).
A detailed comparison of row-charge and
single-charge overpressures is discussed
in Section 7. Row-charge predictions are
covered in Section 8 and Appendix B.

Section 3
Experimental Data

DATA SELECTION

In order to empirically predict over-
pressures, the results of past experi-
ments must be analyzed. A transmission
factor is wanted which will safely predict
overpressures at all ranges velative to
the R;l'z line, Therefore, the major
problem concernc proper choice of data
for the study of fm ax’
est in predicting for chemical explosive
detonations is between 1 and 1000 tons.7
For nuclear excavation, the interest
extends to several megatons but available
data limits the investigation to yields of
0.05 to 100 kt. The most relevant data
obviously derive from tests in these yield
ranges, Considerable information is
algo available from smaller chemical
explosive experiments, 64 1b to 1 ton,
Unfortunately, the results do not corre-
late weil 1vrith large-yield shots, Smalil
explosive charges frequently show non-~
repeata-ie effects and differences due to
small-scale local meteorology. In addi-
tion, there are problems with nonscaling

The range of inter-
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over the rather large differences of yield.
Since this is an empirical study, it has
been decided to utilize larger yields (in
the range of interest) for determining
fhayxe A comparison with Vortman's
results (Ref. 1 and others) which empha-~
size small-charge experimentis is also
inciuded, The section on row detonations
uses small-charge experiments as a mat-
ter of necessity, as they eomprise much
of the available data, Certain dangsrs
inherent int the approach are poinied out
in Section 7.

TABULATION AND PLOTS OF DATA

Part of the purpose of this veport iz to
compile a master 1ot of available data on
large-yicld experiments, Rach experi-
ment has been scaled to a standarag yield
and ambient pressure for uniform com-
parison with the standard R;I‘z line.
Since previous investigators have scaled
to a yield of 1.0 kt at an ambient pressure
of 1000 mbar, these valuez will he used,




The scaling equations,7 derived from
Sachs energy scaling, follow:

Scaled AP :
(units: mbgr)

P
AP = AP stalr;dard = AP 1(1)300'
s 0 0

where

AP = ob: erved experimental overpres-
sure (mbar)

P = standard ambient prcssure
standard ") 09 mbar

P, = observed experimental ambient
pressure (mbar), obtained from
meteorological data,

Scaled Rang
(units: ft/kt Qi/g)

1/3
R =R wstandard X P
WXP
standard
1Okt X P 1/3
=R (‘w‘x"‘fo""oo o B
where

R = true range to the observed exn«ri-
mental overpressure = distance of
gage from SGZ (in ft),

W

standard - standard reference yield

= 1,0 kt,

W = single-charge yield of the experi-
mental detonation (in ki),

The data reduction procedure is as fol-
lows: first, the observed data points for
each experiment are tabulated, Then
these points are gcaled ‘o a yield of 1,0 kt
at ambient pressure = 1000 mbar, The
scaled values are plotted in log-log dia-
grams of APs vs R 5° If justified, a fitted
curve is drawn through these points for
each experiment, The f-value at any
scaled range may then be calculated:
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APS (fitted curve at R;)

f(R) =

~-1,2 .. *
APS (standard R s line at R s)

Normally, f-values are calculated for
several selected RS values; each APS is
read directly from the fitted curve, The
largest of the tabulated f-values is fmax‘
The original overpressure data derive
from a number of different sources, as
listed in the references. Most of these
overpressures are final tabulated values
given by the authors, but in some cases,
early "unsmoothed" values have been
used, In a few instances, the original
tracings have been reduced, Several
recent experiments have two (or more)
measurements at each gage station,
Either the mean values for the gages at
each location or weighted mean values
emphasizing the more sensitive gage or
just the value from the more sensitive
gage have been used (depending on the
relative accuracy of the various results),
A few questionable values have been re-
jected, but only in cases where there was
ample reason for rejection, The .aeas~-
urements are tabulated in the following
standard format (see Table 2 for sample
table): at the top of the page, the name
of the experiment is given, followed by
yield (in kt or tons), explosive type,
medium, moisture content by weight of
the medium,* literature reference, depth
of burst (in ft), scaled depth of burst
(ft/ktll 3), ambient pressure P near SGZ
(in mbar), and other notes of interest,
*Moisture content is classified ~s fol-
lows: Dry = water content less than or
equal to 3% by weight for rock or 10% for
soil. Wet - water content reater than
the above values, Saturated = more than

90% of void space in the medium filled
with water,

P
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DOB- = 280 ft

Table 2. Palanquin, 4.3-kt nuclear, rhyolite, dry (Ref, 8, 9),
dob = 172,2 £t /kt}/3

P(.j = 850 mbar

to 1.0 kt at

Observed data Pg = 1000 mbar

Observed data scalerd

Data from fitted curve

Dis~

tance ft

R R
(ft) AP (psi) S(kti73) AP, (mbar) S(ktm) AP(mbar)  f(R) 1/t

ft

max

A, Ground Shock

21  0,62-0,742 12,2 50,3-60 20 51 0,0013%  0.195
328 0,248 191 20,1 80 29,1 0.00393 0,575
705 0,087 410 7.06 100 25,1 0.00445  0.651

1575 0,0193 917 1,567 200 14,6 0.00597 0,872
3280 0.0079 1910 0,642 300 19,9 0,00656  0.96
7380  0.0053 4295 0.4305 600 4.5 0,00684 1,0
1500 2.36 0.00661 0,966
5000 0,341 0.00661 0,966
B. Gas Vent?
328 0,073 191 5,93 260 5.55 0,00227 0,376
705  0,0307 410 2,49 300 3.60 0.00238 0,394
1575  0,0162 917 1.315 600 1.94 0.00295 0,489
3280 0,0049 1910 0.398 1000 1.24 0.00348 0,577
7380  0,0046 4295 0.3735 2000 0.68 0.00439 0,727
5000 0.312 0.00603 1.0

SGZ.
bSuperimposed on negative phase,

The scaled depth of burst is calculated
from:

bOB {in ft)
(Yield W (in kt)llﬁs

dob =

The table itself is divided horizontally
into three sections, The first section
lists the observed (unscaled) data points:
first, the distance from SGZ, which is
represented by R (in ft); then, the ob-
served cverpressure AP (in mbar or psi)
The next section lists these data points
scaled to 1,0 kt at 1000 mbar (Rs in

-11-

8Prue ground-shock overpressure at 21 ft from SGZ; a later overpressure of 5,52 psi
was oizservid at a time corresponding to an anomalous gas vent through a pipe near

e /ktt/3, AP, in mbar), The third sec-
tion gives points read from a fitted line
through the scaled data, These fitted
points are read off at even scaled ranges
for convenience, The value of f(R ) at
each fitted point is listed, In a few ex~-
periments, the ratio of f(Rs)/fmax is
tabulated, and this ratio will be discussed
in Section 6, Note that the ground-shock
and gas-vent overpressures are listed
separately in each table,

The compilation for all large-yield
experiments is given in Appendix C
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(Tables C1 through C30) for convenient
reference. Buried detonations, both
nuclear and conventional, are listed in
Tables C1 through C25, Tables C26
through C30 include a few surface bursts
for use in surface event predictions (see
Section 9).

For several experiments, the number
of data points available is quite small, A
fitted line was not considered justified in
some of these cases, Therefore, there
is no third section to the table; f~values
are calculated for the irdividual scaled
data points (not for a fitted line), and are
listed in the second section of the table,
Teapot ESS provides an example of such
an experiment (see sample, Table 3),
The largest of the data point f-values is
accepted as an estimate of f The

max’
f values thus obtained are approxi-

max

mate at best, and may apply only at

scaled ranges close to the data point used,
There are other irregularities in a

few of the tables, Sulky gas-vent over-

pressures, Table C1, aregivenas arange

of uncertainty in some of the AP and f

VY & T P
B

values., Scooier, Table Cl1, and Pre-
Schr~ner II, Table C12, give additional
data from aerial high-angle zages.
“ve-Schooner 1l also gives 6, lthe
argle fromi the vertical to th high-~
angle gzge. The row-charje experi-
ments (Cugout, Table C5, Buggy,
Table C6, and Pre-Gondola Ii,
Table C20, and Iif, Table C'3) have
all of the usual infzimation, plvs 2

conversion of £ or of f_n to equiva—
&

lent single-charge values aé}s{ee Section 7).

Figures 4 to 11 show some of the
scaled nverpressure diagrams fre .«
which the fitted lines were derived, Fig-
ure 4 shows a plot of APS vs R s for two
typical nuclear experiments, Figures 5
to 11 are similar plots for nine chemical
explosive experiments, All diagrams
include the fitted lines and are scaled to
1,0-kt yield 2t an ambient pressure of
1000 mbar, Figure 12 shows a typical
plot of f(RS) vs scaled range R, and the
points at which fmax for ground-shock=
induced and gas-vent overpressures were
selected.

Table 3, Teapot ESS, 1,2-kt nuclear, alluvium, dry (Ref,10),

DOB = 67 ft

dob = 63 ft/kt!/3

PO = 860 mbar

Observed data

Observed data scaled
to 1,0 kt at Pg = 1000 mbar

Distance R Tt
(ft) AP (psi) s ktI73 APs(mbar) f(RS)
A, Ground Shock
250 0.77? 224 56,2 (.0261
300 0.52 ? 268 41,7 0.0240
B, Gas Vent
250 14.4 224 1155 0.536
300 14,1 268 1131 0,652
400 11,3 358 907 0.740
600 6,14 537 493 0.653
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Section 4

Maximum Transmission Factor Results

In this section, the experimental sented in Tables C1 through C25 will be
events noted in the previous section and used to develop maximum transmission
the data tabulated for each event and pre- factor values, fmax’ for future event

00] L L] i i i 1 ]' 1 ‘rl L 1 1 1 1

0.05 -

o

.
S
I

Chemical explosives in
basalt and rhyolite

Nuclear detonations

X
o
u_E
.g in dry rock
L (welr-stemmed)
c
2
'2 O: 0] }—— ——
g - /7 .
g - /
& - -
3 B / .
g Chemical explosives and
§ 0.005}- nuclear detonations in alluvium -
0.002 -
o00t bl L 1 x 1 | | TR N U TN W SO
1000 500 200 100 50 20

Scaled depth of burst, dob = i’l’/kl']/3

Fig. 13a, Maximum transmission factor fmax vs dob for ground-shock overpressures,
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prediction purposes, The fmax

mit safe-sided prediction of airblast

will per=-

overpressures to be made for all ranges
of interest if the type of explosive, me-
dium, and dob are known, Both the
ground-shock-induced and gas-vent over-
pressures may be predicted,

The maximum transmission factors
for all large~yield experiments are piot~
ted against dob in Figs, 13a and 14a,
Figure 13a shows fm ax for ground-shock-
induced overpressures and Figure 14a
depicts che gas-vent values, Figures 13b,
13¢, and .3d and Fig. 14b show the indi~-

vidual data points used to construct the
lines given in Figs. 13a and 14a. Project
names in parentheses indicate a poorly
egtablished or uncertain value,

GROUND-SHOCK~-INDUCED AIRBLAST
FOR NUCLEAR AND CHEMICAL
EXPLOSIVES

The nuclear fm ax values in Fig, 13d
lie close to the Jine labeled "'Nuclear
Detonations,” The Neptune point (only one
questionable measurement) falls appre=
ciably above the line, Note that the
points for Danny Boy are marked as

o.] [ | LI 1 I 1 L) I

Pre=-Gondola Il Phase 1
(corrected to single charge)

i T

Dugout x
0.051- 1 to row

Dugout
to row x

Dugout
(corrected

Maximum transmission factor, fmax

I Lf T 1 i j ] ¥

Pre-Gondola II i
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Buckboard 11 4

(Pre=Schooner II) Ny

to single ®Byckboard 12
charge)
0.02 - Buckboard 13 -
@ Basalt and rhyolite, single charge
0.01 X Basalt, row charge |
5 4 Saturated clay shale row=charge events |
! (Pre=-Gondola) i
- N
[T M R T ! ] { SO T IO | L !
1000 500 200 100 50 20

Scaled depth of burst, dob — ft/kt

/3

Fig. 13b. Maximum transmission factor fmax v8 dob for ground-shock-induced over-
pressures, ~hemical explosive events in basalt and rhyclite, and chemical
explosive events in saturated clay shale (Pre-Gondola experiments with

nitromethane),

S

[N
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Fig, 13c. Maximum transmission factor f

pressures (all events in alluviugrrl’).

ranges of uncertainty in f rather than as

simple f points. The Nuclear Detona-

max
tions line appears to be well-established

for predicting nuclear experiments in

~18-

vs dob for ground-shock-induced over~

strong dry rock (90 ft/kt1 /3 < dob

<300 ft/kt!/3 0,05 kt < W <50 kt), The
Nuclear Detonations line may well be
valid for nuclear detonations in alluvium
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Fig, 13d, Maximum transmission factor fmax vs dok for ground-shock-induced over-
pressures (nuclear events in dry high-strength rock).

as well (60 ft/kt!/3
but safer predictions for alluvium events
may be obtained by using the alluvium (
chemical explo:ive curve described

below,

< dob < 500 ft/kt}/3),

10w

In Fig. 13¢c, it can be seen that the
alluvi.m chemical explosive experiments
form a consistent piclure., Figure 13a
shows that the fmax curve for alluvium
fo 18 well above the line for nuclear
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events in high-strength rock, but the
curve may dip rapidly at dob greater than
190 £t/kt*/3  Below ~190 ft/kt!/3, the
alluvium chemical explosive curve may
well coincide with the nuclear line, A
suggested prediction curve for chemical
explosive detonations in alluvium is
shown by the dashed line,
a fraction high at deeper dob, As shown
in Fig, 13c, only the Jangle HE-3 experi-
ment falis slightly above this curve. The
alluvium chemical explosives prediciion

It is probably

curve appears to be valid for all alluvium
chemical explosive events with 60 ft/ktI/ 8
< dob < 300 ft/kt'/3 10 tons <W

< 1000 tons,

The basalt and rhyolite chemical explo-
sives points in Fig. 13b define a third line
which lies almost a factor of two above
the nuclear line for strong dry rock,
These higher ground-shock-induced over-
pressures are a very distinct difference
between nuclear and chemical explosives;
the increased overpressures correlate
well with ground surface velocity meas-
urements, which have been found to be
systematically higher for chemical ex-
plosive detonations in rock than for nu-

clear detona.tions.2

The higher velocities
doubtless cause higher ground-shock
overpressures, The strong rock chemi-
cal explosive line fits all the fm ax points
except Pre-Schooner II, which is slightly
high, Pre-Schooner Il was a nitrometh-
ane experiment in rhyolite. The strong
rock chemical explogives curve should
prove reliable for situations where
60 tt/ict! B < dob < 300 £t/kt'3, 10 tons
< W< 190 tons, and probably for greater
yields as well,

Figures 13b and 13d also sliow the

data points for four row-charge events,

Dugout (5-charge chemical explosive row),
Buggy (5-charge nuclear row), and Pre-
Gondola Il andIIIl (which willbe discussed in
this section). The firsttwo events are rep-
resented by labeled points (x's) in Figs. 13b
and 13d. The higher point in each case is
the fmax perpendicular to the row (L to
row), The lower point is f max off the end
cf the row (|| to row), These f

max
have also been corrected back to single-

values

charge values using Vortman's empirical
correction; number of charges, n, raised
to a power, B (siee Section 7)., To correct
back to single-charge values, the fm ax
values perpendicular to the row have been
divided by 3,085 (or 5%7); the £___ val-
ues off the end of the row have been
divided by 1,495 (5°+2%)
"single charge" fhay Velues are plotted
in Figs. 13h and 1sd as x's (directly
below the uncorrected Dugout and Buggy

row-charge values), The Dugout points

. These corrected

corrected to single-charge values fall
very close to the strong rock chemical
explosive line, as would be expected
(Dugout was nitromethane in basalt), The
Buggy points corrected to single-charge
values lie on the nuclear strong rock line,
Thus, the row-charge experiments pro-
vide further verification for the proposed
lines.

Figure 13a has been compared with
Vortman's recent airblast data, Using
Vortman's published diagrams,1 trans-
mission factors similar to Fig, 13a were
computed, These factors are based
partly on small-charge data, and apply
only at a scaled range of R_ = 630 gt ftl/3,
The results are shown in Fig, 15, with
ground shock f-lines represented by
dashed lines, Again, the basalt f values
are higher than alluvium, and the lines

-22-

S e e e S r———




Teapot Ess and
~ Sedan gas vent "
vclear,
Alluvium)
u; 0.] - b
S Basalt
Q0
“q - e
= Gas-< Ground
‘g vent shock
2 N
= 0.01}- —
VA4
- / -
== (Gas vent
wm==== Ground shock
0.00] ! —
1000 100 10

Scaled depth of burst, dob — fl'/kt]/3

Fig, 15, Transmission factor f at a
scaled range Rg = 630 ft/kt1/3,
following Vortman,

resemble Fig. 13a in form, However,
Vortman's lines are somewhat lower,
as would be expected —his data were
referred to a range of 630 ft/ktl/ 3, quite
close to SGZ, They are not intended to
be true fmax values,

GAS-VENT-INDUCED AIRBLAST
FOR CHEMICAL EXPLOSIVES

values
Gas-~

The situation for gas-vent fmax
is, unfortunately, much less clear,
vent prediction curves are plotted in
Fig. '4a, with actual data points shown in
Fig. 14b, Again, uncertain experiments
are enclosed in parentheges, Note that
Jangle U, Teapot ESS, Schooner, Sedan,
Pre-Schooner II, Cabriolet, Sulky,
Palanquin, and Danny Boy are indicated

by ranges of uncertainty in f (points con-
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nected by a vertical line) rather than as
single fm ax points, The highest point in
the range is a probable fm ax value, All
these data show a great deal of scatter,
but one fact is clear: the gas-vent fma %
values fall into two different classes. All
chemical explosive experiments and
nuclear moist-to-wet medium detonations
fm ax All the well~

stemmed dry rock nuclear tests have very

have very high values,

low f values, The clearest distinction

max
between these two types of events is gas
production, Evidently, nuclear tests in
rock produce a rather small amount of
vapor, resuliing in low vent overpres-
sures, Chernical explosives make their
own super-heated gas, giving rise to
strong vents, Apparently, boosting by
steam vaporization in the adjacent me-
dium is sufficient to bring large moist
medium nuclear detonations up near the
chemical explosives curve. It is obvious
that several potentially complex effects
are at work here, and overpressures
from future nuclear detonations may be
very sensitive to medium moisture con-
tent and other factors, Therefore, any
prediction curves will apply only to
identical explosives under similar condi~
tions. It is also possible that a different
type of chemical explosive could produce
more vapor, giving rise to a still
stronger vent, A case of this sort is
discussed below,

A single fmax curve is drawn for all
ti.e chemical explosive and moist or wet
medium nuclear detonations, It is im-
portant to remember that this curve rep-
resents a near fit to points influenced by
a number of different factors, It is an
approximation at best, Among the chem-

ical explosive experiments, only Jangle

R
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HE-2 falls appreciably above the curve,
This 20-ton detonation, at dob = 21 ft/
it!/3 gives £ . L5toL6L, The
Jangle U nuclear event, at dob = 16 ft/
'kt!/3 indicates an f___~1.26 to 1,28,
The latter value is considered by the
authors to be more realistic, The Pre-
Schooner II experiment appears to lie
well below the curve, However, Pre-
Schooner II (Table C12) peak gas-vent
overpressures came from only two gages,
both very close to SGZ; even these two
values are questionable. The two f points
in Fig, 14b derive from these two close-
in gages, The true fma x at long range is
believed to be much higher, probably in
agreement with the curve—see, for
example, Buckboard 12 and Scooter, both
near the same dob, Their close-in {-
values are 0,0226 and 0,0338, comparable
to Pre-Schooner 1I, At long ranges, their
fmax values are 0,0665 and 0,0619, in
agreement with the curve, A true long-
range fmax for Pre~Schooner II should
likewise lie close to the curve,

Thus, all chemical explosive experi-
ments in alluvium and strong rock define

a single f curve, The curve is fairly

well- estagi?:hed for TNT, nitromethane,
anr, gimilar explosives between 16 ft/ktll 8
< dob < 170 £t/kt}/3, 10 tons < W

< 1000 tons, It is not established for
duo's between 170 £t/kt!/3 and 215 rt/kt',
Eiber the solid curve or the lower
dashed curve in Fig, 14b may apply for
thiz region. The solid curve is recom-
merded 1or safe predictions until further
da.a vecome available, It is very prob-
ak:e that gun-vent overpressures rapidly
decrezse velow dob = 190 ft/ktl/s, at
east for TNT and nitromethane in ailu-
vsuza and basali, Unfortunately, there is
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insufficient information to determine the
exact depth at which gas vent becomes
negligible, Only two otatements can be
made on the basis of current information:
First, for chemical explosives in strong
rock, f . becomes small (gas-vent
fmax $ 0,014, or well below the Fig. 14b
solid curve) at dob ~ 217 ft/kt'/3, Ground
shock is definitely dominant at dob

2 217 #t/kt}/3 (ground shock 1___ ~ 0.02).
These conclusions are based on Buck-
board 13 and Dugout results (comparing
gas-vent and ground-shock overpres-
sures), Second, for TNT in alluvium,

the gas vent is negligible and ground
shock is dominant (ground-shock fax
~ 0.0056) by dob = 205 £t /kt!/3 (see
Stagecoach I), These preliminary results
are incorporated in Fig, 14b only in an
approximate way. In spite of the fact
that the curve in Fig. 14b is probably a
little high for strong rock gas-vent over-
pressures at dob = 217 ft/kt'/3 it will be
retained for purposes of prediction, Com-
paring the fitted curve in Fig, 14b to the
ground-shock curves (Fig, 13a), it is
found that the ground-shock fm ax Surves
cross the gas-vent curve at dob = 217 ft/
ktll 8 (strong rock, chemical explosive)
and at dob = 240 gt /kt!/?

chemical explosive), This indicates that

(alluvium,

ground-shock overpressures will be
dominant (and will therefore control air-
blast safety predictions) at dob's greater
than 217 ft/kt'/3 (strong rock) or 240 it/
ktl/ 8 (alluvium), It is worth repeating
that these dob's are most likely & little
deeper than the true crossover points, be-
causethe gas-vent fmax
and 14b are probably pessimistic (toohigh).
Figure 14a can doubtless be improved

valuesin Figs, 14a

when more data become available,

o s o
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Vortman's gas-vent f-values at R s
- 630 £t/kt!/3 are shown in Fig, 15 (solid
lines). They may be compared to the

fitted curve in Fig, 14a,

EXPLOSIVE OR MEDIUM
DEPENDENCE EFFECTS

After it has been established that the
curve in Fig, 14a fits reasonably well all
chemical explosive data, it may be asked
whether there are any differences be-
tween explosive types orr media, Detailed
examination of f-values does reveal cer-
tain differences between alluvium and
basalt, At a given dob, alluvium f(R s) is
slightly greater than basalt f(Rg) at
close-in ranges R_ = 600 ft/kt1/3,
Vortman obgerved this same effect for
gas-vent overpressures at R’3 = 630 ft/kt1/3
(Fig. 15, gas-vent, solid lines). Recall
that Vortman's results also included
small-yield experiments, The {-values
for Nevada Test Site alluvium were sig-
nificantly higher than those for bascalt,
However, if the {-values are examined at

er ranges, there are indications of

wne opposite effect: basalt values appear
larger than the alluvium, This trend is
best seen for f(R) with R > 1000 ft/kt1/3,
and for the fmax values. In other words,
the basalt { values increase more rapidly
with range, finally becoming greater than
the alluvium f values, This effect is a
direct result of the low overpressure
attenuation rate observed for the Buck-
board chemical explosive experiments,
Gas~vent overpressure curves for these
events indicate an attenuation rate of R'1
even at rather long ranges, and do not
converge rapidly on R12  These shallow
curves cause the relatively high fmax val-

ues, In addition, the Buckboard results

=95

_curves have converged on R ™

extend cnly to scaled ranges shorter than
2000 gt/ktl/3,
sible to say with certainty whether the
1.2 .

. Itis
somewhat dangerous to compare basalt

Therefore, it is not pos-

Imax

ranges with the better established allu-
It

values determined for these short
vium f max values at longer ranges,
does appear probable that the "true"

long-range f values are at least as

max
high or higher for basalt than for
alluvium,

Data were also examined to determine
whether any differences existed in the
overpressures observed from TNT and
nitromethane explosives, No clear trend
emerges from the limited gas-vent data
(cf,, Pre-Schooner II nitromethane and
Buckboard 12 or Scooter TNT at Rs
=~ 300 ft/ktl/s). However, the ground-
shock f values at a given range are a
little high for Pre-Schooner II when com-
pared to Buckboard 12 basalt at any
scaled range, It canbe teutatively con-
cluded that nitromethane gives slightly
higher ground-shock overpresgures (and
ground-shock fnax values) than TNT at
the same dob, This is the expected
effect, since nitromethane has a some-
what higher energy yield per unit weight
than TNT, Hcwever, this effect re:mnains
unverified for gas-vent overpressures.
More data are needed.

One chemical explosive row-charge
experiment is also plotted in Fig, 14b.
This is Dugout, a five-charge (nitro-
methane) row in basalt, Both the per-
pendicular to the row (L)and off the end of
the row (|) gag-vent £ ax Values (uncor-
rected) fall near f = 0,02, When these
are corrected to single-charge f-values

(see Table C5), the resalts are as




follows: fm ax'L torow, corrected =0,0068,
andf . || to row, corrected = 0.0076,
These corrected f-values are plotted as
x's in Fig. 14b, Both values lie well
below the gas-vent fm ax CUrve {and well
below the ground-shock fmax values for
Dugout). This experiment provides part
of the evidence that gas vent is small by
dob = 217 ft/ktl/s, al least in strong rock,
An estimated gas-vent curve can be
drawn through the Dugout points (dashed
curve in Fig, 14b). This curve must be
considered very approximate, and is not
recommended for predictions at this
time,

PRE-GONDOLA IN CLAY SHALE

The remaining row-charge data are
quite unusual, They constitute the only .
overpressure data for nitromethane
detonations in saturated clay shale, All
the peak overpressures are ground-
shock-induced, but they fall above the
ground-shock curve, even as high as the
gas-vent curve. The corrected single-
charge f~values for Pre-Gondola are
plotted in Fig, 13b as individual points
(calculated f for each measured over-
pressure) rather than as f max values,
All points are symbolized by triangles.
The Pre-Gondola Il experiment was a
five-charge row with a mean yield per
charge of 28 tons, and an equivalent dob
= 173 t/kt1/3, All of its observed
f-values were corrected to single-charge
f values using n = 5 charges, The Pre-
Gondola III Phase I experiment consisted
of two rows, each with seven 1-ton
chawges; dob was 195 ft/ktll 3 The f-
values were corrected to single charge

using n = 7 charges, The corrected
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f-values, as plotted in Fig, 13b, lie
almost as high as the gus-vent curves
(Fig, 14a), Those for Pre~Gondola III
Phase I are actually a little higher. The
variation of f with dob, on the other hand,
is roughly consistent with the ground-
shock f-value lines, It is important to
remember that Pre~Gondola III, Phase I
was an experiment with seven 1-ton
charges in each row, and that there may
have been slight airblast reinforcement
between the two adjacent seven~charge
rows, In addition, thaz Pre-Gondola II
row used charges of varying yield. For
these reasons, the results are far from
ideal, Pre-Gondola overpressure meas-
urements were taken at only two or three
scaled ranges, and the data are not suffi~
cient to establish a definite trend for
attenuation rate (or a well-determined
value of £ ). Until further data be-
come available, the following clay shale
prediction method is recommended: For
all events in saturated weak media sim-
ilar to the Pre~Gondola medium with

200 £t/kt'/3 > dob > 170 ft/kt!/3, use

f = 0,06 (for single-charge predictions).

max
Modify for multiple-charge predictions

as in Section 8, This procedure should
produce pessimistic predictions at least

to scaled ranges of several thousand
ft/‘ktl/a.

GAS-VENT-INDUCED AIRBLAST
FOR NUCLEAR EXPLOSIVES

Nuclear gas-vent overpressures fall
into two classes: moist or wet* or soil
media, and dry rock media, The moist
and soil media data derive from only four

————
" Moist or wet media" is defined as
media with moisture content appreciably

exceeding 1% by weight.

¢
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experiments: Jangle U (1,2-kt, alluvium),
Teapot ESS (1,2-kt, alluvium), Schooner
(31-kt, rock containing a moist region),
and Sedan (100-kt, wet alluvium). Fig-
ure lflb shows the range of measured
points (rather than fmax) for all these
experiments, They all agree roughly
with the chemical explosive curve, Sedan
points (large yield) scatter about 40%
above the curve, and Sthooner points
(strong dock with a larée moist seam in
the vaporization region) lie about 32%
below it. This agreement is remarkably
good, but may be coincidental (3ee Appen-~

~dix A). Nonetheless, the chemical explo-

sive curve is the best available means of
predicting wet‘lmedium detonations, as
long as they are reasonably similar to
Sedan or Teapot alluvium or Schooner
moist rock, Even for similar events, it
would be prudent to allow an",added safety
factor, Explosions in very “Eieak wet
media may produce substantially higher
ovirpressures. With these cautionary
notes in mind, the chemical explosive
curve (Fig. 14a) can be used to predict
nuclear detonations in moist media, 16\ft/
kt1/3 < dob < 160 ft/kt}/3 0.1kt <W
<100 kt, This curve is not considered
reliable for detonations larger than

100 kt (see Appendix A),

The dry medium nuclear detonations
in rock form a more coherent picture.
There are oniy five experiments, but
venting behavior is quite consistent, In
all cases,1 the gas-vent pulse is super-

. imposed on a negative phase following the

ground-shock pulse, The ground-shock
peak overpressures are always dominant
and must be consider.d in safety predic-
tions. The gas-vent peaks are still of
interest, since they are only slightly |

-

smaller than the ground-shock pulses
(see tables for Cabriolet, Palanquin,
Buggy and Sulky), The range of the gas-
vent f~values and the fmax values are
plotted in Fig. 14b, The straight line
"fm ay 4ry medium nuclear detonations"
(labeled in Figs, 14a and 14b), represents
a rough fit to these points, Note that the
individual points scatter about this line
by a factor of 2.5, The Dann}; Boy point
is lpw because gas-vent overpressures
weve small and c